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Description 

FUEL SAVING ENGINE DRIVEN 
AIRCRAFT GROUND POWER DEVICE 
AND METHOD OF USE 

Background of Invention 

[0001] The present invention relates generally to aircraft ground 
power systems and, more particularly, to an aircraft 
ground power apparatus designed to respond "on- 
demand" based on aircraft charging demands. The aircraft 
ground power apparatus includes an energy storage de- 
vice capable of providing immediate and sufficient power 
in conjunction with an internal combustion engine that 
can be automatically started to compliment the energy 
storage device and charge the energy storage device to 
provide sufficient aircraft ground power while saving fuel. 

[0002] Aircraft sitting at a gate or terminal will normally cease 
engine operation along with any internal or auxiliary 
power generating equipment. Particularly, should the air- 
craft intend to remain on the ground, such as at a termi- 



nal, for any significant length of time, the aircraft systems 
are typically powered from auxiliary systems designed to 
allow the aircraft systems to operate auxiliary equipment 
without the need to operate the aircraft engines. The 
needed auxiliary power is often supplied by portable 
ground power units carried on wheeled trailers. 
[0003] when an aircraft is at rest and in need of power, a ground 
power unit is towed into position by a tractor or tug. Once 
in place, the aircraft ground power unit is uncoupled from 
the tractor and its electrical cable is connected to the air- 
craft by plugging the cable into a receptacle provided on 
the aircraft. A combination engine driven generator incor- 
porated within the ground power unit is operated to gen- 
erate power that is supplied to the aircraft via the electri- 
cal cable. Typically, the aircraft ground power is con- 
nected to the aircraft, the unit is started, and then the op- 
erator leaves the unit unattended until power is no longer 
needed from the aircraft ground power unit. In the in- 
terim, the engine and generator operate at an operational 
or high speed to deliver power to the aircraft independent 
of actual load. That is, aircraft ground power unit typically 
requires that the engine and generator be running at full 
speed to provide correct frequency and power and/or 



supply a full load to the aircraft. Therefore, while in oper- 
ation, the aircraft ground power unit is set to deliver a 
maximum amount of power to the aircraft and, thereby, 
runs at full speed. 

[0004] However, while the aircraft ground power unit is con- 
nected to an aircraft, the power consumption needs of the 
aircraft are not necessarily constant or consistent. That is, 
the individual power consumption needs may vary widely 
and may even be intermittent. For example, when the air- 
craft has passengers on board the aircraft may require a 
relatively large amount of power from the aircraft ground 
power unit to provide sufficient cooling by the aircraft air 
conditioning systems. On the other hand, when the air- 
craft is empty, the aircraft may require a relatively low 
amount of power from the aircraft ground power unit, 
such as when only a pilot is on board and only preflight 
navigational systems are in operation. 

[0005] Regardless of the power consumption needs of the air- 
craft, the known engine and generator units operate at full 
operational speed for the duration of the connection un- 
less an operator arrives to shut down the unit. Accord- 
ingly, although the full power generation capabilities of 
the aircraft ground power unit is not necessary, the en- 



gine and generator are continuously run. Accordingly, ex- 
cess fuel is consumed and additional noise and exhaust 
are created unnecessarily. 
[0006] Additionally, aircraft ground power units are often 

switched from departing aircraft to newly arrived aircraft. 
When disengaging an aircraft ground power unit from a 
departing aircraft, the generator of the aircraft ground 
power unit is powered down and the aircraft ground 
power unit is removed from the departing aircraft and 
transported to the newly arrived aircraft. Once at the 
newly arrived aircraft, the aircraft ground power device is 
attached to the newly arrived aircraft and then the engine 
and generator of the aircraft ground power unit must be 
restarted. However, before power is delivered to the newly 
arrived aircraft, the generator of the aircraft ground power 
unit must again reach full operational speed. Specifically, 
an operator must first start the generator and wait until 
the generator is at operational speed before power is de- 
livered to the aircraft. This delay in reaching operational 
power can create unnecessary power consumption from 
the aircraft's auxiliary power systems while the aircraft 
awaits power from the aircraft ground power unit. That is, 
although the aircraft has come to rest and is connected to 



a aircraft ground power unit, the aircraft continues to 
draw operational power from internal auxiliary power sys- 
tems to drive systems such as passenger ventilation and 
air conditions systems until the generator of the aircraft 
ground power unit reaches full operational speed and 
power is finally delivered to the aircraft. This delay in 
power delivery from the aircraft ground power unit to the 
aircraft, albeit relatively short, can result in prolonged 
power draws from the aircraft's internal auxiliary power 
system which must later be recharged. 
[0007] | t would therefore be desirable to design an aircraft 

ground power unit that operates on-demand and is dy- 
namically adjustable to the power consumption needs of 
an associated aircraft. Specifically, it would be desirable to 
have an on-demand aircraft ground power device that 
matches the power requirements of the associated aircraft 

that does not necessarily run the engine continuously. 
Brief Description of Invention 

[0008] The present invention is directed to a system and method 
of delivering remote and portable power that overcomes 
the aforementioned drawbacks. Specifically, the present 
invention includes a portable power source that includes 
an energy storage device to supply an output power to a 



device, such as an idle aircraft. The portable power source 
also includes an engine driven power source. A controller 
is included that switches an electrical configuration of the 
power source to selectively deliver power between the en- 
ergy storage device and/or the engine driven power 
source. 

[0009] | n accordance with one aspect of the present invention, a 
power source for providing remote electrical power is dis- 
closed that includes a transportable housing, an engine 
arranged within the transportable housing, and an energy 
storage device disposed within the housing to provide an 
output power of the power source. A generator is config- 
ured to be driven by the engine and is also disposed 
within the transportable housing. The generator is ar- 
ranged in rechargeable association with the energy stor- 
age device. A switchable electrical configuration is ar- 
ranged to switch delivery of output power between the 
generator and the energy storage device. A controller is 
configured to automatically switch the switchable electri- 
cal configuration to deliver the output power of the power 
source from one of: the generator, the energy storage de- 
vice, and a combination of the generator and the energy 
storage device. 



[0010] | n accordance with another aspect of the present inven- 
tion, a method of portably providing remote electrical 
power is disclosed that includes the steps of initiating a 
power delivery from an energy storage device disposed 
within a portable housing and starting a fossil fuel driven 
engine power source disposed within the portable hous- 
ing. Upon an energy level of the energy storage device 
reaching a lower threshold, the method includes automat- 
ically switching the power delivery from the energy stor- 
age device to the fossil fuel driven engine power source. 

[001 1] According to another aspect of the present invention, an 
aircraft ground power apparatus is disclosed that includes 
an engine driven power source configured to generate 
electrical power and an energy storage device connected 
to the engine driven power source. The energy storage 
device is configured to directly power an idle aircraft al- 
ternately with the engine driven power source. 

[0012] According to another aspect of the invention, an aircraft 
ground power device is disclosed that includes a housing 
and a generator disposed in the housing and configured 
to deliver power. An energy storage device is included 
that is rechargeably connected to the generator and con- 
figured to power an aircraft over a given duration. 



[0013] According to yet another aspect of the invention, a 

method of providing aircraft ground power is disclosed 
that includes powering an aircraft from an energy storage 
device of an aircraft ground power unit and alternately 
powering the aircraft from a generator of the aircraft 
ground power unit. 

[0014] various other features, objects and advantages of the 

present invention will be made apparent from the follow- 
ing detailed description and the drawings. 
Brief Description of Drawings 

[0015] The drawings illustrate one preferred embodiment 

presently contemplated for carrying out the invention. 
[0016] | n the drawings: 

[0017] pig. 1 is a perspective view of an aircraft ground power 
unit incorporating the present invention. 

[0018] pig. 2 is a block diagram illustrating some of the compo- 
nents of the aircraft ground power unit shown in Fig. 1 in 
accordance with one embodiment of the invention. 

[0019] Fig. 3 is a block diagram illustrating some of the compo- 
nents of the aircraft ground power unit shown in Fig. 1 in 

accordance with another embodiment of the invention. 
Detailed Description 



[0020] The present invention is directed to a portable power 

source and, more specifically, to a portable power source 
to provide remote power that includes both an energy 
storage device and an engine/generator, each arranged to 
deliver primary power for the output of the power source. 
The present invention also includes a controller config- 
ured to selectively deliver power from one of the energy 
storage device, the engine, or combination thereof. 

[0021] As one skilled in the art will fully appreciate, the here- 
inafter description of aircraft ground power units only il- 
lustrates the preferred embodiment. Therefore, the 
present invention also includes any system that requires 
high power outputs, such as remote and/or portable gen- 
erator system, auxiliary power/power backup systems, 
and the like. 

[0022] Figure 1 shows an aircraft ground power unit 10 in accor- 
dance with a preferred embodiment of the invention. Air- 
craft ground power units, such as illustrated in Fig. 1, are 
utilized to power aircraft (not shown) when on the ground. 
The aircraft ground power unit 10 includes a wheeled 
chassis 12 to aid in portability of a power source 14, 
which is enclosed in a housing 15. Also to aid in portabil- 
ity, a tow bar 16 is included that is attached to the chassis 



12 via a towing bracket 18. A coupling ring 20 of the tow 
bar 16 is attached opposite the towing lip to facilitate se- 
curing the aircraft ground power unit to a towing vehicle 
(not shown). Additionally, a lift ring 22 may be mounted 
to the power source 14 to enable removal of the power 
source 14 from the chassis 12 or, if secured together, lift- 
ing of the chassis 12 and power source 14. 

[0023] As will be described with respect to Figs. 2 and 3, the 

power source 14 includes both an energy storage device 
and a fossil fuel driven generator, as evidenced by an ex- 
haust port 24. An electrical cable 26 extends from the 
power source 14 and is provided with a plug or connector 
28 at its outer end for coupling with a mating connector 
on an aircraft (not shown). 

[0024] Larger aircraft tend to utilize ground power units 10 

which output AC power via the electrical cable 26, while 
smaller aircraft tend to utilize ground power units 10 
which output DC power via the electrical cable 26, typi- 
cally at about 28 volts and in the range of several hundred 
amps. In either case and as will be described, a trans- 
former, rectifier, and/or inverter arrangement may be 
used to convert power delivered via either the energy 
storage device, the generator, or a combination thereof 



included in the power source 14 to the desired AC or DC 
output. When engaged with an aircraft, power is delivered 
from the power source 14, either from the energy storage 
device or the fossil fuel driven generator, to the aircraft. 
When not in use, the electrical cable 26 is returned to a 
storage bin 30. 

[0025] Referring to Fig. 2, a block diagram of the components of 
an aircraft ground power unit 10, such as that shown in 
Fig. 1 is shown. Specifically, a plurality of elements form- 
ing a power source 34 of the aircraft ground power unit 
10 or any system including a generator is shown. Within 
the power source 34 is an engine 36 connected to a gen- 
erator 38. When in operation, the engine 36 drives the 
generator 38 to produce power which is delivered to a de- 
tection circuit/power conditioner 40. The detection cir- 
cuit/power conditioner 40 is in electrical communication 
with an energy storage device 42. The energy storage de- 
vice 42 is controlled to provide power to a converter 44, 
which, in turn, delivers the conditioned power to a current 
detection circuit/signal circuit 46. As will be described, a 
switch 48 is provided that may be controlled by a switch 
controller 50 to deliver power from the engine 36 and 
generator 38 to an electrical connector 52 or other auxil- 



iary-type outputs (not shown) to deliver a desired power 
instead of power from the energy storage device 42, 
which is then charged by the engine 36 and generator 38. 
Therefore, it should be appreciated that together the de- 
tection circuit/power conditioner 40, current detection 
circuit/signal circuit 46, switch control 50, and switch 48 
serve as a controller, designated generally by reference 
numeral 56, which operate to switch a switchable electri- 
cal configuration of the power source 34. 

[0026] it j S contemplated that the engine 36 may be a fossil fuel 
burning engine. However, it is also contemplated that the 
engine 36 may also be configured to burn alternative fuels 
other than fossil fuels, or in conjunction with fossil fuels. 
For example, it is contemplated that the engine 36 may be 
configured to consume fuels such as soy diesel and the 
like. In any case, as will be described, the present inven- 
tion provides for reduced consumption of the driving fuel 
whether fossil fuel or alternative fuel. 

[0027] when the power source 34 is not providing any power to 
the electrical connector 52 as the output of the power 
source 34, the switch 48 is in the open position and the 
engine 36 is off, as shown, and the converter 44 prohibits 
the energy storage device 42 from discharging. In accor- 



dance with a preferred embodiment, when an operator 
desires the power source 34 to begin power output via 
electrical connector 52, power is initially delivered from 
the energy storage device 42 and later, according to a 
specific configuration of the power source 34, from the 
generator 38. Specifically, the converter 44 provides the 
desired power output to the current detection circuit/sig- 
nal circuit 46 which then delivers the power to the electri- 
cal connector 52. As such, the desired power output of 
the power source 34 is delivered substantially immediately 
upon operator request, thereby providing an on-demand 
power source 34 for the aircraft ground power unit 10. 
Power delivery to the electrical connector 52 continues 
from the energy storage device 42 until it is time for the 
engine 36/generator 38 to begin operation, which is de- 
pendent upon the specific operational configuration. 
[0028] | n accordance with one embodiment and operational con- 
figuration, power delivery to the electrical connector 52 
continues from the energy storage device 42 until the en- 
ergy storage device is depleted below a threshold voltage, 
current, or power level. Specifically, once the current de- 
tection circuit/signal circuit 46 senses current drawn from 
the energy storage device 42, the current detection cir- 



cuit/signal circuit 46 begins monitoring the output of the 
energy storage device 42 to determine whether the output 
drops below a given threshold, which indicates that the 
energy storage device 42 may soon not be able to con- 
tinue power output as required by the associated aircraft 
or other device being powered by the power source 34. It 
is contemplated that the threshold may be a current 
threshold, a voltage threshold, or an overall power output 
threshold. Further it is contemplated that the threshold 
may be dynamically selected based on the actual power 
required at the electrical connector 52. 
[0029] |f the current detection circuit/signal circuit 46 deter- 
mines that the energy storage device 42 has dropped be- 
low the threshold, the current detection circuit/signal cir- 
cuit 46 generates a start signal 47 that is sent to the en- 
gine 36/generator 38 to start the engine 36. As will be 
described, once the engine 36 and generator 38 are in 
operation, the energy storage device 42 receives power 
from the generator 38 to recharge the energy storage de- 
vice 42. When being recharged, the energy storage device 
42 may cease providing power to the electrical connector 
52. As such, that the energy storage device 42 and the 
engine 36/generator 38 autonomously power the electri- 



cal connector 52. On the other hand, it is contemplated 
that both the energy storage device and the engine 
36/generator 38 may provide power to the electrical con- 
nector 52 simultaneously. 

[0030] | n accordance with another embodiment, power delivery 
to the electrical connector 52 continues from the energy 
storage device 42 for a predetermined duration before the 
engine 36 is caused to begin operation. Specifically, once 
a predetermined duration has elapsed in which power 
output has been driven by the energy storage device 42, 
the current detection circuit/signal circuit 46 generates a 
start signal 47 that is sent to the engine 36/generator 38 
to start the engine 36. 

[0031] | n accordance with another embodiment and operational 
configuration, once the current detection circuit/signal 
circuit 46 senses current drawn from the energy storage 
device 42, the current detection circuit/signal circuit 46 
immediately generates a start signal 47 that is sent to the 
engine 36/generator 38 to start the engine 36. Therefore, 
substantially simultaneously with the converter 44 closing 
the electrical connection with the energy storage device 
42, a start signal 47 is generated and sent by the current 
detection circuit/signal circuit 46 to initiate engine start- 



up. Accordingly, the energy storage device 42 may only be 
required to deliver power to the electrical connector 52 
until the engine 36 and generator 38 have reached suffi- 
cient operation to deliver the power required at the elec- 
trical connector 52. 

[0032] Therefore, the power source 34 may be configured such 
that substantially simultaneously with the current detec- 
tion circuit/signal circuit 46, a start signal is generated by 
the current detection circuit/signal circuit 46. The start 
signal is sent from the current detection circuit/signal cir- 
cuit 46 to the engine 36, which causes the engine 36 to 
begin a start-up process. 

[0033] while it is contemplated that the energy storage device 42 
be configured to readily deliver a power suitable for the 
desired power output of the power source 34, in alternate 
embodiments, it may not be so configured. Preferably, the 
power delivered from the energy storage device 42 to the 
converter 44 is converted by the converter 44 to a power 
suitable for the desired output of the power source 34. 
The converter 44 may include a transformer, rectifier, 
and/or inverter arrangement that is used to convert the 
DC power from the energy storage device 42 to either an 
AC or DC power output as required by the aircraft or de- 



vice connected at the electrical connector 52. 

[0034] For example, should an aircraft be connected via the elec- 
trical connector, larger aircraft tend require 400 hertz (Hz) 
AC power while smaller aircraft tend require DC power, 
typically at about 28 volts and in the range of several 
hundred amps. Therefore, it is contemplated that the con- 
verter 44 may be specifically designed such that any AC or 
DC power may be delivered to the electrical connector 52 
with characteristics desired by the attached device. 

[0035] it j S a | so contemplated that a boost and/or buck circuit 

configuration may be used in conjunction with the energy 
storage device 42 to deliver an output power of the power 
source 34 desired for a particular process or device/air- 
craft. As such, it should be recognized that numerous 
configurations may be utilized to configure the converter 
44. That is, the use of a forward converter, resonant con- 
verter, Cuk converter, full-bridge converter, half-bridge 
converter, AC bridge and the like, are equivalent substitu- 
tions. 

[0036] | n any case, while the energy storage device 42 is provid- 
ing operational power for the power output of the power 
source 34, the engine 36 may be triggered to begin a 
start-up period. During this start-up period, the engine 



36 starts and while getting up to operational speed, the 
generator 38 is not yet sufficiently driven to generate op- 
erational power. During this start-up or initialization pe- 
riod, power for the output of the power source 34 is con- 
tinuously supplied to the electrical connector 52 by the 
energy storage device 42, and the detection circuit/power 
conditioner circuit 40 operates as a sensor to determine 
whether the generator 38 is producing enough power for 
the required output power from the power source 34. 

[0037] Once the current detection circuit/power conditioner cir- 
cuit 40 determines that the generator 38 is providing a 
sufficient power to satisfy the requirements of the output 
power, the engine 36 and generator 38 operate in a post- 
initialization or post-start-up period and the current de- 
tection circuit/power conditioner circuit 40 sends a feed- 
back signal 45 to the converter 44 and the switch control 
50 indicating that the engine 36 and generator 38 are op- 
erating sufficiently to deliver the power output required of 
the power source 34. 

[0038] Accordingly, the converter 44 opens the electrical connec- 
tion between the energy storage device 42 and the current 
detection circuit/signal circuit 46. Substantially simulta- 
neously with the converter 44 opening, or immediately 



prior to, the switch control 50 closes the switch 48 
thereby providing power from the engine 36 to the elec- 
trical connector 52 as the output of the power source 34. 
The electrical opening performed by the converter 44 and 
electrical closing of the switch 48 are performed rapidly 
and substantially simultaneously such that the power out- 
put of the power source 34 as delivered by the electrical 
connector 52 is uninterrupted and unnoticeable to the 
user or aircraft/device being powered. That is, the switch- 
ing of the components driving power output to the elec- 
trical connection 52 occurs such that the operator of the 
aircraft ground power unit 10 or the aircraft/device re- 
ceiving power is unaware of the switching and power de- 
livery occurs unimpeded. 
[0039] However, if a break in the required power output occurs, 
such as a disconnection of the electrical connector 52, the 
current detection/signal circuit 46 senses an interruption 
and generates a signal that is sent to shutdown the engine 
36. It is contemplated that a time delay can be used to 
prevent frequent start/stops of engine 36 for brief inter- 
ruptions in power consumption by the aircraft/device 
connected via the electrical connection 52 versus a man- 
ual shut down of the engine or a disconnection of the 



electrical connector 52. Additionally, before shutting 
down, the detection circuits 40, 46 ensure that the energy 
storage device 42 is substantially recharged. As such, the 
power source 34 operates more efficiently, and noise and 
combustion emission generated by the engine 36 are re- 
duced. 

[0040] Once power is no longer being delivered by the generator 
38 and is detected by the detection circuit/power condi- 
tioner 40, the detection circuit/power conditioner 40 
sends a signal to the switch control 50 that causes the 
switch control 50 to open the switch 48. 

[0041] After the break in the require power output from the 

power source 34 ends, the previously described operation 
is reiterated. That is, operational power is again delivered 
by the energy storage device 42 until depleted below a 
threshold or while the engine 36 begins the start-up pe- 
riod. Once engine start-up is complete, an electrical con- 
figuration of the power source 34 is switched to deliver 
power from the engine 36 and generator 38. 

[0042] various systems and techniques are contemplated to 

recharge the energy storage device 42. In accordance with 
one embodiment of the invention shown in Fig. 2, start- 
up of the engine 36 is only initiated once the energy stor- 



age device 42 is sufficiently depleted. That is, as stated, 
the converter 44 monitors characteristics of the power 
delivered by the energy storage device 42 and if a current, 
voltage, or power characteristic of the energy storage de- 
vice 42 drops below a threshold, the engine 36 enters a 
start-up period. Once the engine enters a post-start-up 
period, the electrical configuration of the power source 34 
is switched to drive the output of the power source 34 
from the generator 38 and the energy storage device 42 is 
switched off. Additionally, as will be described, power is 
delivered from the generator 38 to recharge the energy 
storage device 42. Accordingly, the energy storage device 
42 is efficiently utilized, and short engine running dura- 
tions are avoided. Again, it should be appreciated that to- 
gether the detection circuit/power conditioner 40, current 
detection circuit/signal circuit 46, switch control 50, and 
switch 48 serve to function as a controller, designated 
generally by reference numeral 56. 
[0043] | n accordance with one embodiment of the invention, an 
energy storage device 42 recharging technique is utilized 
whereby the engine 36 and generator 38 are configured to 
deliver more power than required as the output of the 
power source 34. In this case, once the engine 36 is oper- 



ating to deliver the requisite output power to the electrical 
connector 52, the detection circuit/power conditioner 40 
may intermittently supply some power to the energy stor- 
age device 42. The supply of charging power may be de- 
pendent upon the same power depletion threshold of the 
energy storage device 42 that triggers the operation of 
the engine 36 or may be a separate lower power depletion 
threshold of the energy storage device 42. In any case, 
once recharging is triggered the detection circuit/power 
conditioner 40 closes an electrical connection to the en- 
ergy storage device 42 across which power is delivered for 
recharging the energy storage device 42. However, in ac- 
cordance with a preferred embodiment, raw power from 
the generator 38 is not delivered directly to the energy 
storage device 42. Instead, the detection circuit/power 
conditioner 40 includes a conversion circuit configured to 
condition the power delivered to the energy storage de- 
vice 42 to be within a charging power range. For example, 
it is contemplated that the detection circuit/power condi- 
tioner 40 may include a buck converter, or other similar 
converter, to limit current supplied to the energy storage 
device 42. As such, the energy storage device 42 is 
preferably recharged with a trickle charge whenever the 



engine 36 is at full operational speed. 

[0044] | n accordance with another embodiment of the invention 
shown in Fig. 2, power is not diverted to the energy stor- 
age device 42 while the engine 36 is providing the output 
power of the power source. Rather, upon sensing a break 
in the output power required at the electrical connection 
52, the switch control 50 opens the switch 48 and the de- 
tection circuit/power conditioner 40 closes to deliver a 
charging power to the energy storage device 42. In this 
case, the engine 36 remains running for a predetermined 
time after the break in the output power draw via the 
electrical connector 52. As such, the detection circuit/ 
power conditioner 40 receives power from the generator 
38, converts the power to a suitable charging power, and 
provides the charging power to the energy storage device 
42 to recharge the energy storage device 42 for the next 
operational cycle of the output power draw from the 
power source 34. 

[0045] Referring now to Fig. 3, a block diagram, in accordance 

with an alternative embodiment of the components of air- 
craft ground power unit 10 of Fig. 1, is shown. In accor- 
dance with this embodiment, the engine 36 and generator 
38 are connected to the switch control 50 and switch 48. 



The switch 48 is controlled by switch control 50 to limit 
power delivery from the generator 38 to the energy stor- 
age device 42. As such, the power output of the power 
source 34 is always delivered from the energy storage de- 
vice 42 while the engine 36 and generator 38 serve to 
recharge the energy storage device 42. That is, once the 
operator initiates power output from the power source 34, 
the converter 44 allows power to be delivered from the 
energy storage device 42 to the electrical connector 52. 
Power delivery continues from the energy storage device 
42 until the power draw via the electrical connector 52 
ceases. The engine 36 and generator 38 are only caused 
to operate should the energy storage device 42 be de- 
pleted to a predetermined level in order to avoid excessive 
operation and starts/stops of the engine 36 and generator 
38. As such, the energy storage device 42 serves to pro- 
vide on-demand output power for the power source 34 
and the engine 36 serves to recharge the energy storage 
device 42. 

[0046] | n accordance with one embodiment, the engine 36 is 

caused to initiate start-up in response to the converter 44 
supplying any power to the electrical connector 52 and 
sends a start command signal 47 to the engine 



36/generator 38. As such, engine start-up begins sub- 
stantially simultaneously with operator initiation of the 
power draw via the electrical connector 52. In this case, 
the engine 36 begins start-up while the energy storage 
device 42 provides the required output power from the 
power source 34. Once the engine 36 reaches a post- 
start-up period, the switch control 50 closes the switch 
48 and a charging power is delivered to the energy stor- 
age device 42. Therefore, the switch control 50 and switch 
48 function as a controller 56 designed to deliver charg- 
ing power to the energy storage device 42 once the en- 
gine 36 reaches the post-start-up period. The charging 
power is within a charging power range for the energy 
storage device 42. Accordingly, as power is being drawn 
from the energy storage device 42 to serve as the output 
of the power source 34, the energy storage device 42 is 
simultaneously being recharged. When the power draw at 
the electrical connector 52 ceases, the engine 36 contin- 
ues operating for a predetermined period to allow the en- 
ergy storage device 42 to reach full charge. 
[0047] | n accordance with another embodiment, the engine 36 is 
caused to initiate start-up only after a break in the power 
draw at the electrical connector 52 is detected. As such, 



engine start-up begins shortly after the power draw at the 
electrical connector 52 ends. In this case, the engine 36 
begins start-up once the energy storage device 42 is no 
longer delivering power for the output of the power 
source 34. Once the engine 36 reaches a post-start-up 
period, the switch control 50 closes the switch 48 and a 
charging power within a charging power range of the en- 
ergy storage device 42 is delivered directly from the gen- 
erator to the energy storage device 42. The engine 36 is 
configured to continue operation until the energy storage 
device 42 reaches a substantial recharge state. 
[0048] | n either case, the invention allows on-demand delivery of 
power necessary to effectuate a desired power deliver 
from the power source 34. Furthermore, these specific 
configurations allow the size and power generation ability 
of the engine 36 and generator 38 to be smaller than an 
engine and generator configuration that is otherwise nec- 
essary. 

[0049] Therefore, the above-described system enables on- 
demand responsiveness from a portable power source to 
provide remote power to a device. The system generates 
less noise and consumes less fuel than traditional engine 
driven power sources that do not utilize such an energy 



storage device to deliver at least a portion of the output 
power of the power source. It is contemplated, that the 
engine and generator may operate at various frequencies 
and speeds, while not affecting the power source output 
or any auxiliary output. 

[0050] Therefore, the present invention includes a power source 
for providing remote electrical power. The power source 
includes a transportable housing, an engine arranged 
within the transportable housing, and an energy storage 
device disposed within the housing to provide an output 
power of the power source. A generator is configured to 
be driven by the engine, disposed within the transportable 
housing, and arranged in rechargeable association with 
the energy storage device. A switchable electrical configu- 
ration is arranged to switch delivery of output power be- 
tween the generator and the energy storage device. A 
controller is configured to automatically switch the 
switchable electrical configuration to deliver the output 
power of the power source from one of the generator and 
the energy storage device. 

[0051] | n another embodiment of the present invention, a 

method of portably providing remote electrical power in- 
cludes the steps of initiating a power delivery from an en- 



ergy storage device disposed within a portable housing 
and starting a fossil fuel driven engine power source dis- 
posed within the portable housing. Upon an energy level 
of the energy storage device reaching a lower threshold, 
the method further includes automatically switching the 
power delivery from the energy storage device to the fos- 
sil fuel driven engine power source. 

[0052] A n alternate embodiment of the present invention has an 
aircraft ground power apparatus is disclosed that includes 
an engine driven power source configured to generate 
electrical power and an energy storage device connected 
to the engine driven power source. The energy storage 
device is configured to directly power an idle aircraft al- 
ternately with the engine driven power source. 

[0053] a further embodiment of the present invention includes 
an aircraft ground power device. The aircraft ground 
power device includes a housing and a generator disposed 
in the housing and configured to deliver power. An energy 
storage device is included that is rechargeably connected 
to the generator and configured to power an aircraft over 
a given duration. 

[0054] According to yet another embodiment of the present in- 
vention, a method of providing aircraft ground power in- 



eludes powering an aircraft from an energy storage device 
of an aircraft ground power unit and powering the aircraft 
from a generator of the aircraft ground power unit alter- 
nately with the energy storage device. 
[0055] The present invention has been described in terms of the 
preferred embodiment, and it is recognized that equiva- 
lents, alternatives, and modifications, aside from those 
expressly stated, are possible and within the scope of the 
appending claims. 



